Purpose The purpose of this study was to evaluate the clinical features and the long-term outcomes of primary conjunctival marginal zone B-cell lymphoma (MZBCL) patients who were treated with radiation therapy (RT).
Introduction
Lymphomas arising in the conjunctiva include a heterogeneous group of histologic subtypes. Systematic review including 1,014 conjunctival lymphoma patients from several Western countries showed that B-cell lineage accounted for a vast majority (98%) and the most common subtype was extranodal marginal zone B-cell lymphoma (MZBCL) of mucosa-associated lymphoid tissue, which is synonymous with mucosa-associated lymphoid tissue lymphoma (81%) [1] . There have been various options in treating conjunctival MZBCL ranging from observation alone, single modality of local or systemic therapy, and to combinations of local and systemic modalities [1, 2] . Though either observation alone following biopsy was suggested by some groups based on spontaneous regression [3, 4] , or antimicrobial doxycycline was tried to those with active chlamydial infection [5, 6] , local radiation therapy (RT) has traditionally been recommended based on high local progression rate following these approaches [7] [8] [9] [10] [11] [12] [13] .
There are many clinical reports on RT in treating primary adnexal ocular lymphoma; however, the reports which exclusively concentrated on primary conjunctival lymphoma are scarce [7, 8, 12, 14, 15] . Conjunctival lymphoma has distinctive clinical features compared with orbital lymphomas involving other subsites. It is relatively easy to evaluate the primary lesion without expensive imaging modalities. In addition, it has relatively small tumor volume but is closer to the corneal epithelium and the lens. Thus, low to moderate dose of RT (20-30 Gy) have been used in the literature [2, 10, 14, 16] . However, there is no clear evidence regarding RT dose as yet.
The current study aimed to evaluate the clinical features and the long-term outcomes focused on conjunctival MZBCL patients who were treated with 26 Gy of RT. To the best of our knowledge, this is the largest patient series of conjunctival MZBCL treated with single modality of RT in a single center.
Materials and Methods

Patients
Primary conjunctival lymphoma is defined as the main lesion originating from the conjunctival fornix and/or the bulbar conjunctiva, but not the extension of the lesion to the subconjunctival space from other subsites of the orbit. Authors retrieved 95 patients who were pathologically diagnosed as having primary conjunctival lymphoma at our institution from January 1, 2001, to June 30, 2014. The current study was performed in accordance with the principles of the Declaration of Helsinki, and the institutional review board and ethics committee at our institution approved the study protocol.
All patients underwent the initial staging workups including thorough physical examination, complete blood count (CBC), liver function test, lactate dehydrogenase (LDH), 2 microglobulin level, chest X-ray, computed tomography (CT) scans of the orbit, chest, abdomen, and pelvis, and bone marrow aspiration and biopsy from the iliac bone.
According to World Health Organization classification, MZBCL was the most common in 90 patients (94.7%) and Cancer Res Treat. 2018;50(2):575-581 other histologic subtypes included diffuse large B-cell lymphoma in three (3.3%), mantle cell lymphoma in one (1.1%), and follicular lymphoma in one (1.1%), respectively. Among 90 MZBCL patients, 79 formed the basis of the current analysis after excluding eleven. The reasons for exclusion were systemic involvement of MZBCL recognized thorough the staging work-up in two patients, previous or current history of malignancy other than MZBCL in four, and local recurrence following local excision alone or systemic chemotherapy alone (without RT) at other hospitals in five, respectively ( Fig. 1 ).
Radiation therapy
RT was delivered to 121 eyes in 79 patients. All patients were placed in the supine position with thermoplastic mask for immobilization. A customized acryl contact lens, which was holding the lens shielding block to protect from radiation damage, was used individually (Fig. 2) . After positioning this lens-shieling block in the eye, a single anterior oblique 6 or 9 MeV electron beam was applied and the beam angle was determined according to the individual patient. The radiation dose was prescribed at 90% isodose line to adequately cover the anterior orbit. A total of 26 Gy was delivered with 2 Gy per fraction and five fractions per week.
Follow-up and statistical analysis
The initial response evaluation to RT was done in one to two months of RT completion by the responsible ophthalmologist. Complete remission (CR) was defined as complete resolution of clinical evidence of lymphoma in the conjunctival region by physical examination without orbital involvement. A reduction of at least 50% in tumor size was denoted as partial response (PR), whereas failure to attain the criteria was referred to as stable disease. Further follow-up evaluations were scheduled regularly by the responsible ophthalmologist, radiation oncologist, and/or medical oncologist at 6 months' interval thereafter. Physical examination, laboratory tests including CBC and LDH levels, and chest X-ray were performed on a regular basis, and imaging studies including CT, magnetic resonance imaging, positron emission tomographyCT, esophagogastroduodenoscopy, or ultrasonography were optionally added. All relapsed cases were pathologically confirmed with biopsy. Late adverse events were also evaluated according to Common Terminology Criteria for Adverse Events ver. 4.0.
The durations of survival were from the last day of RT to the date of the first observed event or death, and the survival rates were calculated by Kaplan-Meier analysis. A p-value of less than 0.05 was considered statistically significant. Statistical analysis was performed with SPSS ver. 23.0 (IBM Corp., Armonk, NY) and SAS software ver. 9.4 (SAS Institute Inc., Cary, NC).
Results
Patient characteristics
The median age of all 79 patients was 38 years (range, 16 to 68 years) and about four-fifths were female (62 patients, Fig. 2 . The customized lens-shielding block, composed of a cerrobend alloy column mounted on the individually custommade acryl contact lens, was used to avoid irradiation to the lens.
78.5%). About half of the patients (42 patients, 53.2%) had synchronous bilateral involvement at time of diagnosis.
Initial response, relapse patterns, and survival outcomes
The initial response rate (CR+PR) following RT was 100%: CR in 73 patients (92.4%); and PR in six (7.6%), respectively. All six patients who initially achieved PR exhibited gradual regression during the subsequent follow-up for 4-12 months. The median follow-up period of all the patients was 61.3 months (range, 5 to 149 months). Local recurrence within the radiation volume occurred in two patients (2.5%): one with unilateral involvement developed local relapse in 7 years and 1 month; and the other with bilateral involvement did bilateral relapse in 6 years and 4 months. These two patients, following re-staging work-up procedures, received re-RT with the same technique and were successfully salvaged until 5 years and 11 months and 4 years and 8 months following re-RT. Five patients (6.3%) developed relapse at the initially uninvolved contralateral conjunctiva in the median 52.9 months following RT (range, 11 to 76 months). Among them, four patients were treated with re-RT and one declined re-RT and has been on regular monitoring. All five patients eventually achieved complete regression of recurrent lesion without recurrence. There was no patient who developed systemic relapse throughout the entire follow-up period. The 5-year rates of overall survival, local relapse-free survival, and contralateral relapse-free survival were 100%, 98.1%, and 91.5%, respectively (Fig. 3) . The initial response was not associated with the risk of contralateral relapse (p=0.51). During the follow-up period, one patient was diagnosed as having pancreatic neuroendocrine tumor for which the patient underwent surgery.
Adverse events
The adverse events following RT are summarized in Table 1 . Thirty-one patients among 79 (39.2%) developed at least one of the adverse events related to RT: dry eye in 21 (26.6%), eye pain in four (5.1%), tearing in five (6.3%), and cataract in five (6.3%), respectively. Grade 3 adverse event was observed in only one patient (1.3%) who developed tearing and cataract.
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Discussion
Through this retrospective study for a large series of conjunctival MZBCL patients from a single institute, we could depict clinical features and long-term outcomes of localized conjunctival MZBCL. In this series, the high rate of MZBCL in the conjunctival lymphoma (102/107, 95%) is a distinctive feature considering the result of previous studies on Western patients (68.4, 81.0%) [1, 2] . The proportion of follicular lymphoma histology (1/107, 0.9%) also was much lower when compared with the previous Western studies (8.0%-23%) [1, 2, 17] .
This patient series also denotes characteristic findings in demographic aspects. Age at diagnosis is younger than other ethnic groups; the mean age of Korean patients developing orbital or conjunctival MZBCL was in the forties [12] , while that of other ethnic groups were in the sixties [1, 2, 17, 18] . Female predominance of 78.5% is also a distinctive feature in the current study. Sex distribution in conjunctival lymphoma varies to the studies; meanwhile, Kirkegaard et al. [1] reported that there was no noticeable sex predilection in conjunctival MZBCL in the large-series multicenter study for Western patients (1.05:1) [2, 19] . The high rate of bilateral involvement (53.2%) is also a noticeable feature in this study compared with other studies (14.0%-37.0%) [1, 2, 10, 15] . These demographic characteristics may suggest genetic and environmental influences on the pathogenesis of conjunctival MZBCL in Korean patients.
The standard RT dose has not been established yet in conjunctival MZBCL. Several studies were performed for ocular adnexal MZBCL to find optimal radiation dose schedule to minimize the risk of side effects [1, 7, 9, [12] [13] [14] [15] 20] . Uno et al. [8] reported that radiation target volume should include the entire conjunctiva and the eyelid with the dose of 36 Gy in order to reduce the recurrence rate. On the other hand, radiation dose of 36 Gy was found to be accompanied by the adverse effects such as radiation-related retinopathy or corneal ulceration in many cases [8] . Bayraktar et al. [19] recommended that radiation dose of  30.6 Gy be given to stage I ocular adnexal MZBCL to avoid recurrences. Woolf et al. [13] noted that 100% local control rates and acceptable toxicity could be achieved with the median dose of 30 Gy for the ocular adnexal lymphoma. International Lymphoma Radiation Oncology Group guideline demonstrated that the dose range is normally 20-30 Gy in indolent lymphoma including follicular lymphoma and marginal zone lymphoma and the lower end of this dose range is particularly in the eye because of deleterious ophthalmologic toxicity above 36 Gy [21] . FORT trial showed 24 Gy in 12 fractions is the effective RT regimen in the curative setting for indolent lymphoma, although 93% of patients were follicular lymphoma and 11% of patients were marginal zone lymphoma. Some authors showed 24-25 Gy of RT is effective for ocular MZBCL [18, 22] . Tran et al. [18] showed excellent local control rate (100% at 2 years and 92% at 5 years) with the radiation dose as low as 24-25 Gy in 24 patients with ocular adnexal MZBCL. In the current study, excellent local control (98.1% at 5 years) was achieved after 26 Gy of RT. A lower dose than 24 Gy might be sufficient in conjunctival MZBCL. Further clinical study is warranted to resolve this issue.
In the current study, local relapse was very low (2/79, 2.5%), but contralateral relapse in initially uninvolved site was developed in five patients (6.3%) after median 52.9 months following RT. This might be a progression from unilateral disease to bilateral disease or a preexisting subclinical microscopic disease which was overlooked at the initial evaluation [20, 23] . The time to relapse following initial treatment for conjunctival MZBCL showed a wide range of 2-7 years in literature [8, 10, 12, 14] , which was in concordance with our result of median 4.4 years. Accordingly, long-term follow-up would be necessary to detect local or contralateral relapse [15] .
The lens of the eye is recognized as one of the most radiosensitive organ. The threshold for cataract formation after fractionated RT is known to be 4-5 Gy and about 15 Gy causes a 50% probability of visual impairment [24] . Ohga et al. [20] reported the incidence of grade 2 or higher cataract to be 35.6% following median 30 Gy of RT for the ocular adnexa lymphoma. Harada et al. [15] also showed that cataracts developed in 36 of the 65 eyes (55.4%) treated without lens shielding after median 30 Gy of RT for ocular adnexal MZBCL. The lens-shielding could be considered in the RT planning of conjunctival lymphoma otherwise the tumor is located very close to the lens. The development of cataract was reported from 9% [13, 20] to 27.4% [15] with the lens shielding technique at 30 Gy of radiation for the ocular adnexa lymphomas. Uno et al. [8] reported that no cataract developed among 11 ocular adnexa lymphoma patients with lens shielding effort. In the current study, cataract developed in five patients (6.3%). Our customized lens-shielding technique was very effective.
The current study has a limitation of retrospective study and selection bias from a single tertiary center. The predominance of MZBCL in conjunctiva and clinical features should be warranted in population-based study. On other hand, the current study has a few strong points: the largest number of patients with long-term follow-up was included; homogeneous staging work-up procedures were performed; and the standardized therapeutic protocol of RT with lens shielding was applied to all patients.
In conclusion, we observed younger age, female predominance and higher proportion of bilateral involvement in Korean conjunctival MZBCL patients. The 26 Gy of RT with
